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SLR Graz: Tracking 140 targets ®

Session relevant questions — and their quick answers:

- What 1s limiting our performance?
- Weather © .... lucky Yarragadee ....

- Are we tracking too many satellites ?
- No.... There is still space for more targets ©

- How should future systems be designed for better performance?
- kHz / high rep rate; or kHz / high rep rate; or kHz / high rep rate, or.....

- 10 Hz systems are much too slow for high number of targets

- How can procedures be improved to improve performance?
=> Main part of this talk
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CIWF
ILRS Satellites:

6503201 BeaconC
7501001 Starlette
7603901 Lageosl
8606101 Ajisai
8900103 Etalonl
8903903 Etalon2
9207002 Lageos2
9306102 Stella
0201201 GraceA
0201202 GraceB
0304206 Larets
0803201 Jason2
0702601 TerraSarX
1001301 CryoSat2
1003001 TandemX
1104301 Hy2a
1200601 Lares
0200901 Envisat
1300901 SARAL
1306702 SwarmA
1306701 SwarmB
1306703 SwarmC
9806714 SpinSat
1303401 IRNSS1A
1401701 IRNSS1B
1304201 Kompsats
1201801 CompassM3
1101301 CompassI3
1107301 CompassIS

ILRS Satellites:
GLONASS

0606203 Glonass101
0606201 Glonass102
0606202 Glonass103
0705202 Glonass105
0705201 Glonass106
0706501 Glonassl07
0706503 Glonass109
0907001 Glonassl16
0907002 Glonassl17
0907003 Glonass118
1000701 Glonass119
1000703 Glonass120
1000702 Glonassl121
1004103 Glonass122
1004102 Glonass123
1004101 Glonass1 24
1100901 Glonass123
1105501 Glonags126
1106403 Glonass127
1106401 Glonass128
1106402 Glonass129
1301901 Glonass131
1401201 Glonassl32
1403201 Glonass133
1407501 Glonassl 34

ILRS Satellites:
GALILEO

1106001 Galileo101
1106002 Galileo102
1205501 Galileo103
1205502 Galileol104
1405001 Galileo201
1405002 Galileo202
1501701 Galileo203
1501702 Galileo204
1504501 Galileo205
1504502 Galileo206

Space for the next
18 Galileos ©

SLR Graz: Actual list of our 140 targets ©

o Dt

- Targets tracked by Graz with 400 uJ / HQ Laser, and/or with Single-Photon Counter (Light Curves);

- Not included here are uncooperative debris targets, which are tracked with the 200 mJ debris laser
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SLR Graz: Tracking 140 targets ®

What is necessary to track a large number of targets (assuming 1000 points / NP
for maximum precision at SLR Graz) ?

- kHz SLR system:
- Collects 1000 pts (1 NP) within few seconds (LEOs);
- Needs < 1 minute for 1000 pts (1 NP) for GNSS / HEOS;
- This allows for a NP of 3 — 4 different GNSS 1in the same 5-minute NP bin

- Fast pass switching:
- 10 secs between tandem satellites (due to minimal mount / dome motion)
- <40 secs (night, average) for other satellites; more during day time

- For human operators: Efficient information & supporting systems / screens:

- Info screen of all targets on sky above Graz
- Overlay screen showing sky / cloud coverage
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Graz Pass Switching 2014/266: 51 LEO, 33 HEO: 84 passes in 24 hrs
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GWF
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Graz: Mean Time for 1 HEO NP (=1000 valid returns)

- Night: < 1 minute for 1 NP (1000 pts)

- Day: Longer acquisition times;
sometimes no results at all &

- In any case: << 5 minutes; thus we can
get several NPs (of different HEOs)
in ONE 5° slot (up to 4 or 5 NPs)

- Mount: Needs = 12 seconds average
- Graz 1s tracking ALL HEOs:
- Glonass, Galileo, Compass, Indian)

- Negligible effect on LEO tracking
(HEOS are available for 4-5 hours)



IWF/OAW GRAZ

Typical / daylight

Actual: Glonass 121
Next: Glonass 102
Next: Glonass 130
Next: Etalon-2

Next: Repeat sequence

Continue until next LEO

No LEO available now

(SwarmB/C are too low)



CI%F Cloud screen: Targets on last Friday, 11:30 UTC

- Graz Real-Time Cloud screen:
- ILRS targets only shown
- Most targets behind clouds ...
- 4 targets visible / no clouds

- Easy for observers

- No waisted time due to
clouds

- Main problem: Too many
clouds ®




Total Targets Screen: Last Friday, 11:30 UTC

Mrbibemin 2371 00 201 00R by Cabmabine Chafe

- Graz Real-Time target screen:
- Shows 36 targets above Graz
- Low elevation indicated

- Motion direction indicated

- Visibility / shadow indicated
- Aircraft paths indicated

- Sun / Moon indicated

- Laser Pointing shown




Cle Geostationary: About 2 hours of tracking; night

I S| R Graz WinClean Program --- Yersion 2.2 2013-06-26 / Check_Processed_Passes
Open EBroom ReDraw  Statistics Create NPs  Store  Finalize this Pass  AutoClean TE LEFit AutoLE Fit Delete this Pass Use List File Options Lomb BackScatter Return Rate Debris  Exit

T1A 105 14: 35 222 Pts; ElMax: 48.2°; TB: 0.0 ms

Ll

0. 000

48.2° AL isr6041 47.1° Satellite: IRNSSI1A 44.9°

IRNSS1A: Indian GNSS: Geostationary orbit; each slot: = 2 minutes, = 1 k valid returns

IWF/OAW GRAZ



A closer look to the same pass ....

Open  Broom  Relraw  Stal Create MPs

Store

zs this Pass  AutoClean

I1A 105 14:

Auko LE FiE

Delete this Pass

Lse
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Options

Lomb  BackScatter

14 342 Pts; ElMax: 48.2°; TB:

10.0 ms

Return Rate  Debris
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Satellite: IRNSS1A

Actual Values

I1A 165 14:

16.008 7
6.008 5

A

36 343
14 342

8.8 nm
a.e88
a.e88
a.e88

211.388 mm

2519
a

1088.589°
L4 941°
37467 .238 ki
—7586.504 m
29221.875 5

1488
28

288 ns
0.88s8 °
6.8888 °

112674 ps

Parameters / Ualues

1.608 ms Tbias / TBStep
1.808 m Rbias / RBEStep

1: Plot ALL Points

1: Plot Hoise

1: Plot Pass Length
Plot Point Size (6-5)

Total Points
{ 39.5%) Remaining Pts

Poly-Fit

Peak Minus Hean
Skeuw

Kurtosis

Sigma used
ZMean - ZHin

Passes in 2614
HPs stored: 8 Pts/HP|
nzimuth

Elevation

Range 1-way

Residual 1-way

Time into Pass

Field-of-Uiew
Dpivergence
Range Gate
Az Offset
E1 Offset

PreCal Ualue
PreCal Jitter
PreCal Quote
PosCal Ualue
PosCal Jitter
PosCal Quote

Temperature
Pressure
Humidity

Format Uersion
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B S| R Graz WinClean Program --- Version 2.2 2013-06-26 f Check_Processed_Passes
Open Broom ReDraw Statistics Create MPs Store  Finalize this Pass  AutoClean TB LEFit Auto LEFit Delete this Pass UselistFile Options Lomb BackScatter ReturnRate Debris  Exit

LO4 106 0O8: 59 037 Ptz; ElMax: 65.1°; TR: 4.0 ms
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Exit

4.0 ms

Store  Finalize this Pass

L04 106 08:

Broom ReDraw Statistics

17 152 Pts; ElMax: 65.1%; 8-Poly: RMS =12.7 mm; TB:

ctual Values

L.@88 /f
5.888 /

o -

293 399
17 152

-8.885

2.833
2.288

2542
A

239.161°
62.152°

29221.875 s

19 %

13 %
18.8 %
963.6 %
41 %

u

27 .849 mm

23818.593 km
—7586.584 mm

138 pr
18 pr
288 ns

112683 ps
14 ps

112680 ps
12 ps

L84 186 88: Parameters / Ualues

8.125 ms Thias / TBStep
1.888 m Rbias / RBStep

1: Plot ALL Points

1: Plot Hoise

1: Plot Pass Length
Plot Point Size (B-5)

Total Points
{ 5.8%) Remaining Pts

Poly-Fit

—3.4 mm Peak Minus Hean

Skew
Kurtosis
Sigma used
Z2Mean - ZHin

Passes in 2814

HNPs stored; 1549 Pts/HP|

Azimuth
Elevation
Range 1-way
Residual 1-way
Time into Pass

Field-of-Uiew
Divergence
Range Gate
Az Offset
E1 Offset

Precal Ualue
Precal Jitter
PreCal Quote
PosCal Ualue
PosCal Jitter
PosCal Quote

Temperature
Pressure

Humidity

Format Uersion

GalileolD4
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Effect for LEOs when tracking all HEOs: Negligible...

,.»/7
B SLR Graz WinClean Program -— Version 2.2 2013-06-26 / Check_Processed_Passes
Finalize this Pass  AutoClean TB LEFt Auto LEFit  Delete this Pass  Use List File  Options

LAZ 105 08: 71 328 Pts: ElMax: 63.5°; TB: -0.6 ms

©Open Broom ReDraw Statistics Create MPs  Store Lomb BackScatter Return Rate Debris Exit
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LAGEOS-2: Daylight pass; 8 slots; Shortest: 18 s /2200 Pts; Longest: 71 s / 9000 Pts
Total: 18 NPs / 30 k points; 5.0 mm RMS (Leading Edge Post Processing)
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Thank you !
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